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| the later ones, the basic amib oidé: Lysine and ‘argi

». resolved and required rio. further: putificatio<The

N s

e were well

TN + ~ the basic amino acids;'Amberlite IR-4B (CH;COO-) for the acidic
. no. furthe ude ga&ma\\\.,\mw - amino acids, and two columns of Dowex 50 (NH,*) for the neutral
fraction was adsorbed on Dowex 2 and-displaced with- dilute HCL < s amino acids. Elution was effected with ammonium formate or acetate

Some.additional lysine was' displaced first and - later, pure fractions -~ . .. buffers in the range, pH 3 t0 7. -~ -

B

. of histidine were obtained, - 1.:¥% TR sl ,
- = Primary Separdtion: Second Stage,: The early f
" first stage were combined,: The mixture was adsorbed on Zeo-Karb
215. The displacement developer was dilute' NH,OH. The effluent
showed five fairly well ammawm bands_of the following composition:

g

. Pure aspartic acid, “>#F 0 F
.. 1L Glutamic acid, serine, threonine. "
IIL. Glycine, alanine. =~ ;= 5
- IV. Valine, proline, e
V. Leucine, isoleucine, methionine.

“Band I required no further purification but there was minor over-
lapping in some of the other bands. Each of the mixed bands was
passed through a column of Dowex 2, and displaced with dilute HCI,
This effected final purification of each amino acid except that the
pairs, leucine-isoleucine and serine-threonine, were not resolved. How-
ever, serine-threonine could be separated by displacing the mixture
from a column of sulfonated polystyrene resin, using NaOH dissolved
in aqueous acetone as displacement developer. R

Cystine was present only in traces in the yeast hydrolyzate. In
another experiment with egg albumin it was found that most of the
cystine occurred in Band V, while some was present in the basic
amino acid fraction. Cystine was readily isolated from these by simple
crystallization. A : o

This system was developed as a preparative method for the isola-
tion of amino acids from quantities of protein ranging from 10 to 250
grams. Displacement analysis has an advantage over elution analy-
sis in its higher capacity for a resin column of given size. Elution
analysis, however, because of its higher resolving power, is more
suitable for quantitative analysis and for isolation work on a small
scale. . . e s
Elution Analysis: Hirs (1952, 1954a) developed two procedures
for the isolation of small amounts of amino’ acids by ion-exchange
chromatography and elution analysis. The first method (1952) using
volatile buffers as eluting agents was applied to an acid hydrolyzate .
of 25 g. of bovine serum albumin. Fot complete ‘separation of amino
acids four columns of resin were required: Dowex 50 (NH,*) for.

4

ractions from the

cwondi=m e @ Each of the well-resolved amino acids was isolated by removal of

the buffer by ‘sublimation and subsequent crystallization. All the
amino acids (except methionine) were obtained in analytically pure
form in an average yield of 66%. - ,

The second method (Hirs, 1954a) is somewhat simpler, involving
fewer steps and the use of a volatile acid as the eluting agent. An
acid hydrolyzate of 70 mg. of bovine serum albumin was used. The
amino acids were first chromatographed on Dowex 1-X8 acetate
(a strongly basic anion exchanger containing quaternary ammonium

~ groups attached to a styrene-divinylbenzene copolymer; X8 means

that the resin contains 8% divinylbenzene and is a measure of the

"amount of cross-linking). In the chromatogram dilute acetic acid

eluted Fraction A (containing most of the amino acids) then tyrosine,

_ glutamic acid and aspartic acid, each well separated. Fraction A

was taken to dryness to remove the acetic acid. The residue was
dissolved in N HCI and rechromatographed on Dowex 50-X4 (H*).
Elution was begun with N HCI at 25° C. Serine, threonine, and
glycine were obtained in well resolved peaks. The temperature was
raised to 50° C. and, at the same time, the composition of eluting
agent was changed gradually from 1 N to 4 N HCI by a mixing
device.®* Pure amino acid peaks were collected in the following order:
alanine (plus ammonia), valine, proline, methionine, isoleucine, leu-
cine, cystine, lysine, histidine, arginine ‘and phenylalanine. Each
amino acid was isolated by crystallization. Recoveries were quanti-
tative with the following exceptions. Only 85% of the glutamic acid
and 70% of the aspartic acid were recovered from the Dowex 1 col-
umn. Methionine presented a special case in this work and was not
recovered quantitatively.

2. Quantitative Analysis

Starch Column Chromatography (Stein, 1949). As mentioned previ-
ously, partition chromatography on potato starch columns has been
used successfully in amino acid analysis by Stein (1949). For quan-

® This consists of a 250-ml. chamber (a modified, ground joint wash bottle),
equipped with magnetic stirrer, and filled with 1 N acid; 4 N acid is then fed in
gradually. Details are given by Moore (1954a).;
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